Background. Schistosomiasis (Schistosoma mansoni) is classically described as a rural disease that occurs in areas with poor sanitary conditions. This cross-sectional study was undertaken in a suburban area of a large industrialized city in Brazil (Belo Horizonte), aiming at examining epidemiological characteristics of schistosomiasis in an urban setting. Methods. A simple random sample of 658/1896 dwellings was selected and 3049/3290 (92.7%) residents were submitted to stool examination. Of 518 eligible infected cases and 518 uninfected controls, 87.1% and 89.8% participated in the study, respectively. Results. The prevalence of S.mansoni infection was 20%, predominantly low egg counts in stools; no cases of splenomegaly were found. Signs and symptoms associated with infection were bloody stools (odds ratio [OR] = 8.0) and hardened palpable liver at the middle clavicular and at the middle sternal line (OR = 5.5 and 8.0, respectively). Sociodemographic variables and water contacts predictive of infection were age (10-19 and s=20 yrs; OR = 7.1 and 3.3, respectively), gender (male; OR = 3.1), contacts for swimming and/or playing (twice a month or less and more than twice a month; OR = 2.2 and 3.0, respectively) and residence in Belo Horizonte (born in the City; OR = 2.5). Ninety per CRnt of dwellings had a piped water supply; no association between water supply and infection was found. Conclusion. Our results emphasize the need for schistosomiasis control measures focusing on water contacts for leisure purposes in this industrialized urban area. Keywords: urban schistosomiasis, epidemiology Schistosomiasis is classically described as a rural disease that occurs in areas with poor sanitary conditions. Nevertheless, owing to migration, urban areas in Africa and South America are now foci of transmission.
Schistosomiasis is classically described as a rural disease that occurs in areas with poor sanitary conditions. Nevertheless, owing to migration, urban areas in Africa and South America are now foci of transmission. 1 In Africa, the disease is endemic in cities like Harare, 2 
Kinshasa
3 and Dar es Salaam. 4 In Brazil, foci of transmission of Schistosoma mansoni were described in large cities (over one million inhabitants) situated in the north, 5 the northeast, 6 ' 7 and in the industrialized southeast of the country. 8 " 12 included in long-term national strategies, after identification of both general and specific control measures. 1 Effective control measures depend on knowledge of the epidemiology of parasitic diseases in urban settings. Epidemiological studies on S.mansoni in large cities are few and concentrate, as a rule, on identification of foci of transmission and/or on descriptive information related to the prevalence of infection in selected populations. An exception is a study carried out during the early 1970s in a district of Salvador City, northeast of Brazil, where morbidity and sociodemographic variables predictive of S.mansoni infection were investigated. A comparison of infected cases and uninfected controls in this area showed that infection was associated with low education and low socioeconomic status, migration, and rural origin; morbidity due to infection was low. 7 This paper describes a study of the epidemiology of S.mansoni, which was undertaken in a suburban area of a large industrialized city in Brazil (Belo Horizonte). 
FIGURE 1 Map of the studied area with points for monitoring snail population (planorbides)
The objectives of the study were: (i) to examine the existence of foci of transmission; (ii) to assess the prevalence and intensity of infection in a representative sample of the total population; (iii) to assess the morbidity due to infection and (iv) to assess sociodemographic variables and water contact patterns predictive of S.mansoni infection in the study area.
SUBJECTS AND METHODS

Study Area
Belo Horizonte is the capital of the State of Minas Gerais which is situated in southeast Brazil. The city has around two million inhabitants. 13 The study was undertaken during 1991-1992 in a district named Gorduras, in the northeast of the city.
Foci of Transmission
All water sources within and surrounding the study area were mapped. Snail surveys were carried out monthly over one year along the mapped streams, and in a small lake used by the population (Figure 1 ). Snails collected were transported to the laboratory where they were measured, classified and examined microscopically, following squashing between two glass plates, for the presence of cercariae or sporocysts of S.mansoni. 1 *
Study Population
The study area was mapped and all dwellings (n = 1896) were numbered ( Figure 1) . A simple random sample of 658 dwellings was selected and 3290 residents were chosen to participate in the descriptive study (sociodemographic survey and stool examinaton). Assumptions for the sample size calculation were the following: number of inhabitants = 9480 (five per dwelling); prevalence of S.mansoni infection = 0.20; precision = 0.02; type 1 error = 0.05; correction for design effect = 2; losses = 0.20. l5 - 15 A signed informed consent was obtained from all participants or from their parents/adult responsible if they were under 18 years of age.
Sociodemographic Survey
A sociodemographic survey was performed in all sampled households. One adult occupant in each household was interviewed. All information was obtained by two interviewers without knowledge of individuals' laboratory results. The questionnaire consisted of three categories of explanatory variables: (a) demographic (age, gender and residence in Belo Horizonte), (b) socioeconomic (family monthly income and education), and (d) sanitation (water supply and sewerage system in the household).
Stool Examination and Selection of Cases and Controls
All residents in the sampled households received a container for collection of stools, labelled with their name and identification number, as well as an identifiable code in case of illiteracy. Two separate stool samples were collected within a 4-month interval; they were examined for the presence and number of S.mansoni eggs and for the presence of Ascaris lumbricoides, Trichiura trichiuris and ancilostomideos eggs. Stool examinations were performed by the Kato-Katz method. 17 The number of S.mansoni eggs per gram was estimated from the mean of four slides. All examinations were done by two trained technicians. Agreement between technicians, considering the presence or absence of S.mansoni eggs, was assessed in a sample of 100 stool examinations.
Cases were defined as those who presented S.mansoni eggs on at least one of four slides. Controls were defined as those without S.mansoni eggs on four slides. A simple random sample of individuals over 2 years of age who presented eggs in stools (518/609) and a simple random sample of those over 2 years of age who did not present S.mansoni eggs (518/2256) was selected. The sample size was sufficient for detecting an odds ratio (OR) of 1.5 with 90% power at 5% level of significance, if the prevalence of exposure was 50%. 
Clinical Examination
Clinical examination was undertaken by a single physician without prior knowledge of patients' infection status. Both physician and patient were informed of the infection status at the end of the clinical session, when all cases received oxamniquine for treatment. All cases and controls were eligible for clinical examination.
Patients were submitted to a questionnaire concerning the occurrence of diarrhoea, abdominal pain or bloody stools over the previous 30 days, previous treatment for schistosomiasis, and history of splenectomy, haematemesis or melaena during their lifetime. Abdominal examinations were done with the patients lying on their back in the right lateral position. The liver or spleen was considered palpable when detectable immediately under the costal margin with the breath held.
Water Contact Interview
Water contact interviews were also double blind and were done after the second stool collection. All cases and controls were eligible for interviews. A pre-coded questionnaire concerning frequencies and reasons for water contacts in streams and lakes situated in Belo Horizonte City during the previous 6 months was used. Reasons for water contact included: laundry, washing dishes, bathing (body hygiene), fishing, swimming or playing and other. Water contact frequencies were classified as none (no contact in the previous 6 months), twice a month or less and more than twice a month.
Analysis
Crude analysis was based on overall % 2 , y} for linear trend (for proportions) and Kappa statistics with confidence interval (CI) (for interobserver agreement). 19 Crude and adjusted OR and CI ( Woolf's method) were also calculated. 19 Multivariate logistic regression was used to assess the independent effect of variables. 20 Two logistic models were constructed: the first to assess signs and symptoms and the second to assess sociodemographic variables and water contact patterns associated with S.mansoni infection. The criterion for inclusion of variables in each logistic model was association with infection beyond 0.20 significance level in the univariate analysis. 21 Abdominal pain and bloody stools were adjusted for age, gender, previous treatment for schistosomiasis and other helminths (Ascaris lumbricoides, Trichiura trichiuris and ancilostomideos). Palpable liver at the middle clavicular line and palpable liver at the middle sternal line were adjusted for age, gender and previous treatment; other helminths were not included in this analysis because there is no evidence that they can produce liver impairment. The initial logistic model for sociodemographic variables and reasons for water contact included age, gender, previous treatment, residence in Belo Horizonte, piped water in the household and water contacts for laundry, bathing, fishing and swimming or playing. The analysis was done using Epi Info, 15 Egret 22 and SAS 23 software packages.
RESULTS
Foci of Transmission
Biomphalaria glabrata was found at all points along streams which were selected for monitoring snails.
B.glabrata infected with S.mansoni were found at 6 points points 1, and 7-11). No snails were found at the monitored small lake. Sewerage draining to streams was observed at points 9 and 10 ( Figure 1 ).
Internal Validity and Quality Control of Stool Examination
The investigation covered 658 households with 3290 eligible residents. Of these, 3049 (92.7%) were submitted to stool examination. Of 518 eligible cases and 518 eligible controls, 451 (87.1%) and 465 (89.8%) participated, respectively. Regarding reliability of stool examination, Kappa value between technicians 1 and 2 was 0.96 (95% CI : 0.90-1.00).
Descriptive Results
Of the 658 sampled households, 92.7% had a piped water supply and 89.4% had a sewerage system. Prevalence of S.mansoni infection in the sampled population was 20.0% (609/3049), predominantly low egg counts (61.1% of infected eliminated <100, 25.8% 100-499, and 13.1% 3=500 eggs per gram [epg] of stool); the geometric mean of S.mansoni eggs was 70.8 epg (95% CI : 7.4-679.7). Table 1 shows the results of the univariate analysis of signs and symptoms, previous treatment, other selected helminths and S.mansoni infection. Bloody stools, palpable liver at the middle clavicular line, palpable liver at the middle sternal line, previous treatment, Ascaris lumbricoides, ancilostomideos and Trichiura trichiuris were associated with S.mansoni infection (P < 0.05). No cases of splenomegaly or histories of splenectomy, haematemesis or melaena were found in the study area. Table 2 shows the results of the multivariate analysis of selected signs and symptoms and S.mansoni infection. Bloody stools (OR : 8.0; 95% CI : 1.8-36.6) persisted associated with infection after adjustments for age, gender, previous treatment and other helminths. Palpable hardened liver at the middle clavicular line (OR : 5.5; 95% CI : 1.1-27.7.) and palpable hardened liver at the middle sternal line (OR : 8.0; 95% CI : 1.5-42.0) persisted in association with infection after adjustments for age, gender and previous treatment. Table 3 shows the results of the univariate analysis of selected sociodemographic variables and S.mansoni infection. Age group, gender and residence in Belo Horizonte were associated with infection (P < 0.05). Swimming and/or playing was the only reason for water contact associated with infection; the OR increased as the frequency of contact increased (dose-response relationship) (Table 4) . 
Signs and Symptoms
Sociodemographic Variables and Reasons for Water Contacts
DISCUSSION
This study revealed the existence of S.mansoni transmission in the urban area and the occurrence of infection at 20% prevalence level. Schistosomiasis dependent morbidity was low: no cases of splenomegaly or splenectomy were found, only 4.7% of infected subjects reported bloody stools and less than 3% presented hardened enlarged liver. These findings are consistent with low S.mansoni egg counts observed in the population. 24 Studies undertaken in different countries, using univariate methods of analysis, have found a consistent association with bloody stools and S.mansoni infection. Association of diarrhoea or abdominal pain with infection was observed in some endemic areas but not in others. 25 " 28 In this investigation, an association of bloody stools with infection was found. The association persisted after adjustments for age, gender, previous treatment and other selected helminths.
Liver impairment is part of schistosomiasis pathogenesis and enlarged liver without specification of its consistency has been traditionally used as an indication of schistosomiasis morbidity in areas where malaria or visceral leishmaniasis are not endemic. 29 Recent studies have shown that palpable liver with normal consistency has smaller positive predictive value for infection than hardened liver or bloody stools, indicating that consistency of liver and bloody stools must be considered in schistosomiasis morbidity studies. 27 ' 28 Our results are consistent with this view.
Sociodemographic variables and reasons for water contact which were predictive of infection in our study were age, gender, water contact for swimming and/or playing and residence in Belo Horizonte. Age was the variable that showed the strongest association with S.mansoni infection, with the highest OR for the second decade of life. Similar results were found in rural areas in the State of Minas Gerais where prevalence or incidence of infection was considered. 28 " 30 Regarding the predominance of infection among males, this is probably a consequence of different water contact patterns between males and females in the study area. 31 A previous study undertaken in Salvador City in Brazil showed that S.mansoni infection was associated with low education and low socioeconomic status, migration and rural origin. 7 In our study, infection was not associated with family monthly income, education and/or migration. OR for infection presented the highest value for those born in the city.
Swimming and/or playing was the only reason for water contact that was predictive of infection in this endemic area. Laundry, washing dishes and bathing (body hygiene), which are water contacts related to absence of water supply in the household, were not associated with S.mansoni infection. These results are coherent with the existence of 93% of dwellings with piped water supply in the study area.
Regarding methodological aspects, all precautions were taken to avoid inaccuracies in this study: random procedures, double blind information, quality control of stool examination, improvement of sensitivity of the Kato-Katz method by means of two instead of one stool examination, and extensive training of interviewers and technicians. Potential sources of bias are those which can occur in cross-sectional studies when (1) the characteristic is a consequence of infection and/or (2) it changes after infection diagnosis and/or (3) it is associated with duration of infection (duration of S.mansoni infection is estimated at around 3-10 years 31 ). In our study the first bias is evident in the univariate analysis (infected cases were more likely to be previously treated than controls), but this effect disappeared after adjustment for confounders. The second bias would occur if individuals have changed their reasons for water contact and/or other characteristics after a previous infection diagnosis. 32 In this case, OR for reasons for water contact could be underestimated in our study; family monthly income, residence in Belo Horizonte, water supply and sewerage systems in dwellings are not changeable by infection diagnosis. In relation to the third potential bias, there is no evidence that the study characteristics, except treatment, are related to duration of S.mansoni infection.
Summarizing, our results lead to the following conclusions: (1) there were foci of S.mansoni transmission in streams situated in the study area and in the surrounding area; (2) the prevalence of infection was 20%, the intensity of infection was low, as well as schistosomiasis morbidity (low prevalences of bloody stools, and liver enlargement, and absence of spleen enlargement); (3) signs and symptoms associated with infection were bloody stools and hardened palpable liver; (4) age, gender, residence in Belo Horizonte and water contacts for swimming and/or playing were predictive of infection; these variables might be useful for infection screening in this endemic area. Ninety per cent of dwellings had piped water supply and no association between infection and water supply was found. Our results emphasize the need for schistosomiasis control measures focusing on water contacts for leisure in this industrialized urban area.
